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ABSTRACT 

We present interferometric angular sizes for 12 stars with known planetary companions, for com- 
parison with 28 additional main-sequence stars not known to host planets. For all objects we estimate 
bolometric fluxes and reddenings through spectral energy distribution fits, and in conjunction with the 
angular sizes, measurements of effective temperature. The angular sizes of these stars are sufficiently 
small that the fundamental resolution limits of our primary instrument, the Palomar Testbed Interfer- 
ometer, are investigated at the sub-milliarcsccond level and empirically established based upon known 
performance limits. We demonstrate that the effective temperature scale as a function of dereddened 
iy — K)q color is statistically identical for stars with and without planets. A useful byproduct of this 
investigation is a direct calibration of the Teff scale for solar-like stars, as a function of both spectral 
type and {V — K)o color, with an precision of Ar(v-K)„ = 138K over the range {V — K)o = 0.0 — 4.0 

and ATspTypo = 105K for the range F6V - G5V. Additionally, we provide in an appendix spectral 
energy distribution fits for the 166 stars with known planets which have sufficient photometry avail- 
able in the literature for such fits; this derived "XD-Rad" database includes homogenous estimates of 
bolometric flux, reddening, and angular size. 

Subject headings: infrared: stars, stars: fundamental parameters, techniques: interferometric 



1. INTRODUCTION 

The formation, evolution, and environment of extraso- 
lar planets are heavily influenced by their respective par- 
ent stars, including the location and extent of the hab- 
itable zone. To provide constraints on the characteriza- 
tion of these planets, it is therefore of signiflcant scientific 
value to directly determine the astrophysical parameters 
of the host stars. Of particular interest are stellar radius 
(R) and effective surface temperature (Teff) since these 
two parameters help uniquely characterize our knowledge 
of extrasolar planet enviroments. In the case of radius, 
planetary radii are frequently not directly measured but 
established through observations of transit events as a ra- 
tio of planet to stellar radius. Measurements of planetary 
temperature are directly linked to the spectral character- 
istics of the star irradiating the planet. 

For extrasolar planet hosting stars (EHSs) that can 
be resolved with interferometers, their angular sizes 
(9) are directly measu red. Since th e Stefan-Boltzman 
Law (Stefan 1879; Bo hzmannI 11884}) can be rewritten 

as Teff where Tbol is the reddening- 

corrected bolometric flux, the effective temperature Teff 
can be directly measured for these stars. We obtained 
data with the Palomar Testbed Interferometer (PTI) 
for 9 nearby EHSs with the aim of directly measuring 
their angular diameters, and computed estimates of their 
Tbol through spectral energy distribution (SED) fitting 
to their available literature photometry. Additional EHS 
angular diameters from the Center for High Angular Res- 
olution Astronomy (CHARA) Array are also folded into 
this investigation (jlBaines et all I2007L l2008a| ). Further 
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interferometric work relevant to the diameters of EHSs 
can be found in iMozurkewich et all (|i991, 2003). 

Observational biases cause a large fraction of known 
EHSs to be nearby, enabling the use of Hipparcos par- 
allaxes for a direct determination of their distances 
(jPerrvman et al.lll997l : iPerrvman fc ESAlll997f ): in com- 
bination with angular size measurements, their linear 
radii can be determined.^ 

The aim of this publication is to provide directly de- 
termined R and Teff astrophysical parameters of these 
12 EHSs along with equivalently derived parameters for 
a control group of 28 main sequence stars not currently 
known to host extrasolar planets. In addition, we present 
estimates of astrophysical parameters for all currently 
known EHSs with sufficient literature photometry (166 of 
the 230 known)**. The literature photometry and afore- 
mentioned SED fitting provides, for the sample of 166 
EHS stars, estimate s of Tbol and ^esTi done in the 
same way as done bv lvan Belle et all ()2008l ). if a Teff is 
assumed to be associated with the particular SED tem- 
plate being used to fit the stellar photometry. These es- 
timates of Tbol and 6'est are presented in the "XO-Rad" 
database at the end of this paper. 

We describe the observations and data reduction of 
these stars in SJU supporting data and spectral energy 

^ It is misleading, however, to indicate that interferometric an- 
gular size measurements independently lead to characterizations of 
stellar luminosity. A common mistake is to assume that radius and 
temperature measurements derived from a single interferometric 
angular size can be combined through use of the Stefan-Boltzman 
law (L ^^^eff) *° 'measure' luminosity. A cursory examination 
of the relationship between angular size and radius {R ~ 9) and 
temperature (Tgpp ~ 9~^i''^) will demonstrate the new informa- 
tion contained in an angular size measurement is discarded when 
calculating L: only bolometric flux and distance information affect 
measures of L. 

** As of Feb. 1, 2008. 
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distribution fits are described in Sj3l derived efFective tem- 
peratures and radii are presented in SJSJ along with com- 
parisons of our values to previous investigations (where 
available); finally, a detailed statical comparison of the 
EHS stars versus our control group is seen in §5.31 

2. DESCRIPTION OF THE DATASETS 

We present interferometric results on two different 
datasets: 

1. Known EHSs for which we were able to obtain PTI 
data (2]) and calculate angular radii ([JSJ. Knowl- 
edge of angular radii imposes an independent con- 
straint on the SED fitting (ij3|) and allows Teff 
to be a determined directly. We were also able to 
augment our PTI data with 7 stars publishe d from 
the CHARA Array bv iBaines et~aIT (|2008af ). This 
dataset comprises 12 stars, 4 of which have data 
from both CHARA and PTI. Together this sample 
of EHSs with angular sizes is our 'EHSA' sample. 

2. A number of main-sequence stars for which it was 
deemed possible to resolve angular radii using PTI. 
This dataset comprises 28 stars and will be referred 
to as our 'control sample'. These stars are not cur- 
rently known to host extrasolar planets and thus 
serve as a comparison group for the EHSs with re- 
spect to astrophysical parameters. 

Additionally, SED fits are provided for all the well- 
characterized EHSs (status 1 Feb 2008, according to the 
Exoplanet Encyclopedia^). The source dataset comprises 
approximately 230 stars (including the ones for which 
we obtained PTI data), although most of the fainter 
{V >10) stars are excluded due to a lack of available pho- 
tometry; they are presented in the "XO-Rad" database in 
Appendix [X] SED fitting for these stars is performed 
based on literature photometry and spectral templates 
with associated estimates of effective temperatures. 

3. SUPPORTING DATA AND SPECTRAL ENERGY 
DISTRIBUTION FITTING 

For all of the sources considered in this investigation, 
spectral energy distribution (SED) fits were performed. 
Each fit, accomplished using available photometry and 
an appropriate template spectrum, produces estimates 
for the bolometric fiux (-Fbol), the angular diameter 
(^est) and the reddening (Ay); effective temperature 
during the SED fit is fixed for each of the template spec- 
tra. In the absence of direct measurement of the angular 
diameter (i.e. calibrators and stars listed in the XO-Rad 
database), SED fitting is used to estimate the angular 
size. When the angular diameter is available from in- 
terferometrically measurements, SED fitting is used to 
determine the bolometric fiux and the reddening; effec- 
tive temperature as well as dereddened colors can then 
be derived. 

These SED fits are accomplished using photometry 
available in the literat ure as the inp ut values, with tem- 
plate spectra from the lPicklei (|19980 library appropriate 
for the spectral types indicated for the stars in question. 
Spectral types used in the SED fitting for all EHS stars 
are those values found in the Exoplanet Encyclopedia, 

® |http : //exoplanet ■ en/ 1 



which is in turn based upon the respective source discov- 
ery papers cataloged therein. The control sample stars 
as defined in 321 had their spectral types established from 
those values found in Hipparcos catalog (jPerrvman et al] 
[1993). 

The template spectra are adjusted by the fitting 
routine to account for overall fiux level, wavelength- 
dependent reddening, and expected angular size. Red- 
dening corrections are based up on the empirical red - 
dening determination described bv lCardelli et al.| (|1989f) . 
which differs little from va n de Huls t 's theoretical red- 
denin g curve number 15 (jJohnsonl Il968t iDvck et al.l 
Il996l ). Both narrowband and wideband photometry in 
the 0.3 /im to 30 /im are used a s available, i ncluding 
John son UBV (see, for example, Eggcn 1963|; iMorenol 
[1971 iitromsren ubvvB (tPiirola 1976), 2MASS JHK, 



(|Cutri et al ] [2003l). Geneva (IR ufener I1976D. and Vilnius 
U PXYZS (jZdanavicius et al.i 1 19721): flux cahb r ations 
are based upon the values given in iFukugita eTall (fl995l ) 
and I C 0x1 ()2000f ). The results of the fitting for the calibra- 
tor stars is given in Table [TJ for the EHSA and control 
sample stars. Table [6l and for the "XO-Rad" database. 
Table [71 

4. OBSERVATIONS AND DATA REDUCTION 
4.1. Visibility and Angular Sizes 

The calibration of the target star visibility (1^^) data is 
performed by estimating the interferometer system visi- 
bility (VgYs) using the calibration sources with model an- 
gular diameters and then normalizing the raw target star 
visibility by V^^^ to estimate the measured by an ideal 
interferometer at t hat epoch ([M ozurkcwich c t al.l 119911 : 
iBoden et al.l 119981 : Ivan Belle fc van Belle. 2005i riJncer- 
tainties in the system visibility and the calibrated target 
visibility are inferred from internal scatter among the 
data in an o bservation using sta ndard error-propagation 
calculations (jBoden et al.lll999l ). Cahbrating our point- 
like calibration objects against each other produced no 
evidence of systematics, with all objects delivering re- 
duced 1/2^1. 

Visibility and uniform disk angular size (^ud) are 
related using the first Bessel function (Ji): — 
[2Ji{x)/xY, where spatial frequency x = ttB9ud^^^ ■ 
We may establish uniform disk angular sizes for the tar- 
get stars observed by the interferometer since the accom- 
panying parameters (projected telescope-to-telescope 
separation, or baseline, B and wavelength of observa- 
tion A) are well-characterized during the observation. 
The uniform disk angular size can (and should) be con- 
nected to a more physical limb darkened angular size 
(^ld); however, this is a minor effect since 6'ld/6'ud is 
small in the near-infra red (< 1.5%: see, for example , 
iScholz fc Takedal lTgSTt iTuthiU [l99l iDvck et all [l996l . 
1998: lDavis et al.ll2000l ). 

Strictly speaking, limb darkened angular size is uti- 
lized here as a reasonable proxy for the Rosseland angu- 
lar diameter, which corresponds to the surface where the 
Ro sseland mean optical dep th equals unity, as advocated 
bv lScholz fc Takedal (|1987l ) as the most appropriate sur- 
face for computing an effective temperature. The dense, 
compact atmospheres of the stars considered in this in- 
vestigation are well characterized by a uniform di sk fit, 
and th e small correction factors tabulated in Davis et al.l 
(|2000f ) will be used to convert our 6'ud sizes into the 
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appropriate limb darkened 0ld numbers. The number 
of visibility points N{V^), derived ^ud s izes, associ- 
ated goodness-of-fit xt ^^^^ residuals f^F^). [Davis et all 
([^000) correction factors (?ld / ^^ud and resultant 0ld sizes 
are found in the first columns of Table [6l 

4.2. PTI Observations 

PTI is an 85 to 110 m H- and i^T-band 1.6 ^m and 2.2 
^m) interferometer located at Palomar Observatory in 
Sa n Diego County , California, and is described in detail 
in IColavital (|1999D . It has three 40-cm apertures used 
in pairwise combination for detection of stellar fringe 
visibility on sources that range in angular size up to 
5.0 milliarcseconds (mas), being able to resolve individ- 
ual sources with angular diameter {9) greater than 0.60 
mas in size. PTI has been in nightly operation since 
1997, with minimum downtime throughout the interven- 
ing years. The data from PTI considered herein cover 
the range from the beginning of 1998 (when the stan- 
dardized data collection and pipeline reduction went into 
place) until the beginning of 2008 (when the analysis of 
this manuscript was begun). In addition to the target 
stars discussed herein, appropriate calibration sources 
were observed as we ll and can be found en masse in 
Ivan Belle et al.l ()2008[ ). Additional cahbration sources of 
minimal angular size, as discussed in §4.31 were also se- 
lected and are listed in Table [TJ 

4.3. Limits of PTI Calibration 

As discussed by 'Bo den et all (|1998L Il999t l. PTI has 
an empirically established fundamental limiting visibility 
measurement error of (Ti/2 « 1.5%. The source of this 

^SYS 

limiting night-to-night measurement error is most likely 
a combination of effects: uncharacterized atmospheric 
seeing (in particular, scintillation), detector noise, and 
other instrumental effects. 

This night-to-night repeatability limit restricts the ul- 
timate resolution of the instrument. This is at odds with 
the desire to measure stellar diameters which, for a given 
brightness, are quite small in an angular sense relative 
to PTI's resolution. Main sequence stars are squarely in 
this regime for PTI, with only a few examples - those 
considered in this investigation - that creep out of the 
nether regions of point-like obscurity into the realm of 
resolvability. Attempting to resolve stars at the edge of 
PTI's performance envelope requires careful considera- 
tion of the demonstrated li mits of the instrument , using 
the techniques described in Ivan Belle fc vaji Bella ([2001 
henceforth Paper VB2). 

For PTI, operating at the X-band with its 109-m N-S 
baseline, a target of 0.60 milliarcseconds (mas) in size 
should have a normalized visibility of = 94.89% (as 
introduced in iJ4.ip . As discussed in in VB2, there is 
a strong motivation towards using calibration sources 
that are as point-like as possible - generally speaking, 
one wishes to have calibration sources that are signifi- 
cantly smaller than the targets being observed. For this 
investigation, to reach the regime of 0.60 mas targets, we 
restricted our use of calibrators to those that are, on av- 
erage, 0.35 mas or less in size. These two size limits are 
selected to have sufficient numbers of sufficiently bright 
targets and calibrators, respectively. 

For such calibrators, observed by PTI, the visibility 
calibration limit is (Ty2 = 0.186% (from VB2, Equation 



7), which contributes an angular size error due to cal- 
ibration of roughly 0.012 mas. The night-to-night lim- 
iting measurement error of <7y|^^ w 1.5%, however, 
contributes an angular size error of 0.086 mas. This is 
significant in that the measurement error dominates any 
possible calibration bias, which is particularly important 
when considering smaller targets. If we were instead to 
have selected calibrators closer to ~ 0.70 mas in size - 
more typical of PTI investigations that observe larger 
targets that are > 1 mas in size - then the calibration 
angular size error be ~ 0.045 mas, and would start to 
compete with the measurement error in dominating the 
error budget. This would put our results at substantial 
risk of directly reporting any measurement bias inherent 
in the process we used to estimate the angular sizes of 
our calibration sources. Since our goal is direct measure- 
ment of the target angular sizes, we have taken great care 
to ensure that this is not the case. 

A second aspect of this consideration of PTI limiting 
performance is the reported angular sizes of our target 
stars. For stars that, after calibration, report formal 
errors that are sufficiently small to be in violation of 
PTI's known night-to-night repeatability, we increased 
their reported angular size errors to the level consistent 
with that repeatability. As a function of target angular 
size, we show the limits of angular size accuracy possi- 
ble with PTI's repeatability limit in Table [1 The first 
column shows various target angular sizes, followed by 
the corresponding visibilities. A calibrator of 0.35 mas, 
as noted above, contributes a the limit on knowledge 
of visibility of tTy2 = 0.186%; the associated limit in 
angular size knowledge is then listed in column three. 
The next two columns list the night-to-night repeatabil- 
ity limit of V'^, and the associated angular size error. 
The final column combines the calibration limit and the 
night-to-night limit in quadrature. 

4.4. CHARA EHS Data 

Additional angular diameters of EHSs were obtained 
with the Georgia State University CHARA Array 
([Baines et a l. 2008ai) with an intent of detecting pos- 
sible face-o n binarity masquerad ing as planetary com- 
panionship ([Baines et al.ll2008b[) . The CHARA Array 
is a optical/near-infrared int erferometer similar to PTI 
([ten Brummelaar et al.l[2b05f ). but with longer baselines 
(up to 330m), allowing for resolution of smaller objects. 
For inclusion of the appropriate CHARA data into our 
dataset, we will apply observation criteria similar to the 
PTI data: First, the calibration sources must be suf- 
ficiently unresolved, which we set for CHARA to be 
O.SOmas or less. Second, the ratio of angular sizes of sci- 
ence targets and their calibrators must be greater than 
1.5. In applying these two criteria, we are confident that 
the resulting measured angular sizes are sufficiently inde- 
pendent of the calibrator angular sizes predicted by SED 
fitting. 

The resulting dataset for inclusion in this analysis con- 
sists of seven EHS angular sizes from the CHARA inves- 
tigation, of which four stars are common to both the 
PTI and CHARA samples (as noted The ratios 

of the CHARA to PTI UD angular sizes for those four 
stars (HD3651, HD75732, HD143761, HD217014) are 
1.15±0.14, 1.05±0.10, 0.99±0.13, 1.08±0.13, respectively, 
with an overall weighted average ratio of 1.06 ± 0.06, in- 
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TABLE 1 

New calibration sources used in this investigation, discussed in i|4.2l 
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.015 


hLJjy Mv54 


11 lOQOCTQ 

11 Iz oZ.Ov> 


1 Q c; /I o con 

+o5 4o oz.U 


61 


LrUV 


LjU V 


0.110 + 0, 


.008 


0, 


.24 


n /I cn _L n 
U.4dU ± U, 


.008 


rlJjy ( 4ou 


11 1 A riA ao 
11 14 U4.Dv> 


1 /q O 1 C C 7 
+ DZ Id 00. ( 


15 


/-I CTTT 
Lr5111 


r~\ CTTT 
Cj5111 


n om _L n 
U.oUl ± U, 


.016 


1, 


.33 


n Q c /I _L n 
U.o54 ± U, 


.022 


TTT~\T r\0/^0 /I 

HDlUzDo4 


11 /inni /in 
11 4y U1.4U 


1 nn 1 n n'v o 

+00 19 07.2 


70 


F7V 


F6V 


n n70 1 n 

0.073 ± 


.009 


0, 


.71 


n ,1 oc 1 n 

0.42b ± 


.010 


HD10d578 


11 55 40.53 


1 "1 C O O ,10 c 

+15 38 48.5 


61 


A3V 


A3V 


n o o o 1 n 

0.323 ± 


.009 


3, 


.09 


n o o r' 1 n 

0.335 ± 


.012 


hlDlU41ol 


I 1 cn rzc no 

II 59 5b. 92 


1 no on 1 o o 

+03 39 18.8 


60 


AlV 


AOV 


n nnn i n 

0.000 ± 


.008 


1, 


.72 


n 07c; 1 n 

0.27b ± 


.017 


TTT~\T r\c;/^c;i 

HDlUoDol 


1 o 1 c nn OO 
IZ lO UU. ZO 


1 1/1 CO Cii? n 

+ 14 53 5b. 9 


68 


A3V 


A3V 


n ooc 1 n 

0.22b ± 


.008 


1, 


.35 


n one 1 n 

0.395 ± 


.014 


TTT~\i 1 nono 


1 o A -\ oc no 

Iz 41 2d. 98 


1 A r\ O A /I C 7 

+40 34 45.7 


15 


KOIII 


KOIII 


n nnn i n 

0.000 ± 


.015 


5, 


.20 


n oon 1 n 

0.389 ± 


.021 


TTT~\ 1 1 T rrt A 

HDlllo(J4 


IO cn inoi 

Iz 5U lU.ol 


1 o 7 o 1 nn o 

+37 31 00.8 


50 


A3V 


A3V 


n c ^?o 1 n 

0.562 ± 


.012 


2, 


.62 


n OO A 1 n 

0.324 ± 


.012 


HD113771 


13 05 40.89 


1 o o c no c 

+2b 35 08.5 


11 


KOIII 


KOIII 


n nnn I n 

0.000 ± 


.019 


3, 


.69 


n .1 "1 n 1 n 

0.419 ± 


.023 


HD1147Di 


10 "lo inT,io 

13 12 19.743 


1 "1 o "1 n "1 

+17 31 01. b 


100 


F9V 


F8V 


n n o r' 1 n 

0.085 ± 


.008 


1, 


.88 


n o o 1 n 

0.28b ± 


.005 


TTT~\i inooo 


IO /IO lono 

lo 4z Iz.yo 


1 no OO inn 

+08 23 19.0 


46 


F3Vp 


F2V 


0.215 ± 


.013 


2, 


.29 


n one; i n 

0.39b ± 


.010 




1 o yi o oc Tnn 

13 43 35.700 


1 1 /I o 1 c£; 1 

+ 14 zl 5d.1 


48 


G2V 


G2V 


n nnn i n 

0.000 ± 


■ Oil 


0, 


.22 


n 070 1 n 

0.372 ± 


.007 


HDllyooU 


1 o A1 OCT Tnn 

lo 4o 00.7UU 


1 1 /I 1 C£? 1 

+ 14 zl 5d.1 


48 


G2V 


G2V 


n nnn i n 

U.UUU ± u, 


.011 


0, 


.22 


n 070 1 n 

U.o7z ± U, 


.007 


TT T~\ 1 1 n c; c; n 


iQ AO Qc on 
lo 4o v5o.oy 


1 "1 /) o 1 c^; Q 
+ 14 zl OD.O 


48 


LrZ V 


CjrZ V 


n nnn _L n 
U.UUU ± U, 


■ Oil 


0, 


.22 


n Q 70 _L n 
U.O ( 2 ±\j. 


.007 


TT T~\ 1 m c;cn 


1 o PC /in nci a 

Lo 00 4y.yy4 


1 1 A no OQ A 
+ 14 Uo Z0.4 


3b 


r D V 


r D V 


n nnn _L n 

u.uyy ± U, 


.010 


n 
U 


7n 

. ry 


n /I /1 1 _L n 
U.441 zb U. 


.010 




1/1 1 1 n n'7 

14 lb 10.07 


1 CI OO n 1 o 

+51 22 Ul.o 


37 


A9V 


A7V 


n nnn i n 

0.000 ± 


.018 


1, 


.41 


r\ A no 1 n 

0.468 ± 


.012 




1/1 O /I 1 CT "Tn 

14 34 15.70 


1 c 7 no c 7 n 

+57 03 57.0 


29 


F7V 


F6V 


n n o o 1 n 

0.083 ± 


.012 


1, 


.19 


n o o 1 1 n 

0.381 ± 


.009 


hlD14(J77o 


1 rZ AC OO A'T 

15 45 23.47 


1 nc cn A 

+05 2b 50.4 


101 


AlV 


AOV 


n nnn i n 

0.090 ± 


.008 


0, 


.92 


n o£?o 1 n 

0.263 ± 


.017 


HD1411o7 


If /i'7i'70cr 

15 47 17.35 


1 1 A r\c c c n 

+ 14 Ob 55.0 


37 


A3V 


A3V 


n o 1 o 1 n 

0.318 ± 


.010 


5, 


.94 


0.311 ± 


■ Oil 


TTT~\T /lonno 

HD14zy(Jo 


15 55 47.587 


1 o 7 cc /inn 

+37 5b 49.0 


123 


FOIV 


F02IV 


0.111 ± 


.015 


n 
U 


.Z4 


n A on 1 n 

0.480 ± 


.028 


rlD14457y 


1 r' r\ A c Tno 

lo U4 5o.7yo 


1 on nn oo /i 

+oy uy zo.4 


70 


G8V 


G8V 


n n c o 1 n 

U.U5Z ± U, 


.007 


2, 


.09 


n c nn i n 

u.5uy ± u, 


.010 


TT "Pi 1 A AQ'7 A 

rlJJ144o / 4 


1 a nT 0*7 c; c; 
Id U/ oi. 00 


1 nn CQ on Q 
+Uy 5o oU.o 


4b 


A r V 


A 7T T 

A/ V 


n nnn _L n 
U.UUU ± U, 


.009 


0, 


.91 


0.311 + 0, 


.008 


HD150557 


lb 41 42.54 


1 n "1 "in con 

+01 10 52.0 


62 


1 2.7111-lV 


F2III 


n nnn t n 

0.000 ± 


.011 


2, 


.64 


f\ A ^ A 1 n 

0.414 ± 


.030 


HD151900 


"1 r'n oo or* 

lb 50 22.25 


no on "1 c o 

-02 39 15.3 


58 


FlIII-IV 


FOIII 


n o o o t n 

0.333 ± 


.009 


4, 


.87 


f\ o r\ A 1 n 

0.304 ± 


.022 


TTT~\T O O C: O 

HDlooooz 


1 'y OO /in r'Ci 

17 28 49. b9 


1 nn in cn i 

+00 19 50.1 


42 


A8V 


A7V 


n n/:?o 1 n 

0.062 ± 


.010 


1, 


.18 


n o c 7 1 n 

0.357 ± 


.009 


TTT~\ T -i O tr O 

HD1d4o5o 


1 o nn OO "70 

lo UU 00.7Z 


1 no c c c o 7 

+UZ 55 5o.7 


110 


B5Ib 


B5I 


n /1 1 n 1 n 

U.41U ± U, 


.019 


1, 


.53 


n /I oc 1 n 

U.4oo ± U, 


.018 


rlJJiD4Dio 


1^7 t^t: 11 1/1 
1/ 00 11.14 


1 70 nn 1 o c 
+ ^ Z UU lo.5 


28 


T?0 C^TT TTT 

r 2.011-111 


TTOTTT 
r Zlll 


n ncQ _L n 
U.Uoo ± U, 


.013 


3, 


.31 


n /I n7 _L n 

u.4y / ± u, 


.037 


HDlDy7Uz 


1 o o ,1 1 o on 

lo z4 lo.oU 


1 on on oc "i 

+39 30 2b. 1 


25 


A3IVn 


AOIV 


n o 1 7 1 n 

0.217 ± 


.014 


1, 


.64 


n oon 1 n 

0.330 ± 


.020 


HD 173649 


10 A A A a ~i f\ 

18 44 48.19 


1 O T o c A r\ A 

+37 35 40.4 


7b 


FOIVvar 


F02IV 


n nnn I n 

0.000 ± 


.012 


0, 


.90 


n on/^ 1 n 

0.39b ± 


.023 




in 1 c o 1 no 

ly lo ol.Uz 


+U4 5U U5.4 


4b 


A3IV 


AOIV 


n oon 1 n 

U.o8U ± U, 


.012 


2, 


.21 


n OO c 1 n 

U.Zo5 ± U, 


.017 




1 n nn nn vc: 
ly Uy Uy. r 


1 71^ QQ QO n 

+ m OO oo.y 


67 


Ay V 




n OQ /I _L n 
U.Zo4 ± U, 


■ Oil 


1, 


.12 


n A ACi _L n 
U.44y ± U, 


.012 


1UTM OO C^l^ /I 


1 n on A n n'7 
ly 20 4U.U/ 


1 c /I o CI n 

+D0 4z 51. y 


38 


A OTTT/^ 
A2111S 


A nTTT 

AUlll 


n nt; q _l n 
U.Uoo ± U, 


.010 


1, 


.81 


n /I o7 _L n 
U.42 / ± U, 


.062 


T T T~\ ■^ o ^ o 


"in or* or' "lo 

19 35 25.13 


1 no c /I /IOC 

+02 54 48.5 


3b 


F6IV 


F5IV 


n nnn I n 

0.000 ± 


.014 


1, 


. 14 


noon 1 n 

0.339 ± 


.016 


TTT~\ T or" cr £; o 


in Ai C"i /icio 

ly 4o ol.4oz 


1 o ,1 nn /ICO 

+o4 uy 45. o 


58 


B8III 


B5III 


n on7 1 n 

u.oy7 ± u, 


.009 


3, 


.94 


0.144 ± 


.023 


rlJJiyZD4U 


on 1 A QO no Q 
zU 14 oZ.Uoo 


1 Q^; /I o OO 
+ OD 4o ZZ.D 


8b 


A 0"^ T 

A2 V 


A <y\ T 
AZ V 


n c; c /I _L n 
U.o54 ± U, 


.009 


o 

Z. 


A A 
.44 


n /I ncc _i_ n 
0.495 ± 


.023 


TTT~\ T no /I TO 


on /I o CT c on 

20 4o OD.^y 


1 A c ni^ cn n 

+4b Ob 50.9 


79 


B3Ia 


B3I 


1.691 ± 0, 


.023 


n 

Ul 


fiO 
.DZ 


0.41b ± 


.056 


rijjiyyuoi 


on c; Q 1/1 vt; 
2U OO 14. (0 


1/1/1 OQ 1 /I O 

+44 23 14.2 


71 


B5 V 


T3 C7'\7' 


n nnn _L n 
U.UUU ± U, 


.007 


2, 


.76 


n OQO _l_ n 
0.238 ± 


.051 


rlJJzUU i Zo 


OI HQ c;0 1 A 
Zl Uo 0Z.14 


1/11 /1 1 n 
-i-41 3/ 41. y 


zl 


r 31 V 


r UZl V 


n ooo _|_ n 
U.ZZZ it U. 


.013 


0, 


.64 


n QOQ -1- n 
U.3ZO it 


.019 


HD202240 


21 13 2b. 43 


+3b 37 59.7 


53 


FOIII 


FOIII 


0.055 + 0, 


.008 


4, 


.96 


0.290 + 0, 


.021 


HD210264 


22 08 50.40 


+22 08 19.6 


15 


G5III 


G5III 


0.000 ± 0, 


.017 


1, 


.33 


0.414 + 0, 


.026 


HD214734 


22 38 39.05 


+63 35 04.3 


34 


A3IV 


AOIV 


0.314 + 0, 


.011 


2, 


.21 


0.325 + 0, 


.020 


HD217813 


23 03 04.977 


+20 55 Ob.8 


40 


G5V 


G5V 


0.000 ± 0, 


.012 


5, 


.09 


0.431 + 0, 


.008 


HD218261 


23 Ob 31.71 


+19 54 39.0 


42 


F7V 


F6V 


0.104 + 0, 


.009 


1, 


.9b 


0.387 + 0, 


.009 


HD218261 


23 Ob 31.885 


+ 19 54 39.0 


42 


F7V 


F6V 


0.104 + 0, 


.009 


1, 


.9b 


0.387 + 0, 


.009 


HD218396 


23 07 28.715 


+21 08 03.3 


82 


A5V 


A5V 


0.277 + 0, 


.008 


3, 


.21 


0.282 + 0, 


.008 


HD218687 


23 09 57.17 


+14 25 3b. 3 


30 


GOV 


GOV 


0.103 + 0, 


.012 


0, 


.71 


0.43b ± 0, 


.008 


HD220102 


23 20 20.82 


+60 lb 29.2 


40 


F5II 


F2II 


1.097 + 0, 


.015 


1, 


.07 


0.42b ± 0, 


.032 


HD220102 


23 20 20.82 


+60 lb 29.2 


40 


F5II 


F2II 


1.097 + 0, 


.015 


1, 


.07 


0.42b ± 0, 


.032 


HD223346 


23 48 49.3b 


+02 12 52.2 


64 


F5III-IV 


F5III 


0.042 + 0, 


.011 


1, 


.33 


0.342 ± 0, 


.022 



Note. — A^phot is the number of photometric data points available for the bo lometric flux fitting; SpType is the 
spectral type as reported by SIMBAD; Model is the spectral template chosen from IPicklesI ||1998|) for the fitting; xt 
the reduced chi-squared value of the fit, and ^est is the estimated angular size from the fit. 
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TABLE 2 

Calibration floor by target angular size as discussed in i|4.3l 



Target 9 
(mas) 


Target 


Calibration 


Calibration 
(mas) 


Night-to-night 


Night-to-night 
(mas) 


floor 
(mas) 


0.600 


0.94893 


0.00186 


0.012 


0.01500 


0.085 


0.086 


0.650 


0.94028 


0.00186 


0.010 


0.01500 


0.079 


0.080 


0.700 


0.93103 


0.00186 


0.010 


0.01500 


0.075 


0.076 


0.750 


0.92116 


0.00186 


0.010 


0.01500 


0.071 


0.072 


0.800 


0.91072 


0.00186 


0.009 


0.01500 


0.068 


0.069 


0.850 


0.89971 


0.00186 


0.008 


0.01500 


0.064 


0.065 


0.900 


0.88815 


0.00186 


0.008 


0.01500 


0.062 


0.063 


0.950 


0.87607 


0.00186 


0.008 


0.01500 


0.060 


0.060 


1.000 


0.86348 


0.00186 


0.008 


0.01500 


0.058 


0.058 



6 



van Belle & von Braun 



dicating possibly a slight tendency for the PTI sizes to 
be too small (or the CHARA sizes to be too large), but 
this is a weak 1-a result. 

As a further check on the consistency of the CHARA 
results and our techniques, we modeled t he predicted 
SED sizes of the calibrators found in iBaines et alJ 



(|2008al) . These results are seen in Table |3l on average, 
our calibrator predictions are within O.Scr, and no indi- 
vidua l results are more than 1.9a away from lBaines et al] 
QOOSiX). Overall, we find that the CHARA and PTI re- 
sults are excellent agreement with each other, despite 
independently developed methodologies. 



I 

5. STELLAR PARAMETERS 

For both the EHSA and our control sample stars, the basic astrophysical parameters of effective temperature and 
linear radius are computed from the angular size data and ancillary supporting data. These parameters are then 
compared between the two samples as a function of {V — K)q color and, in the case of temperature, spectral type; the 
results of sections t j5.1| and i j5.2l are found in Table [31 

5.1. Effective Temperatures 

Stellar effective temperature, Teff, is defined in terms of the star's luminosity and radius by L = 47r(Ti?^Tgpp. As 
noted in §1, rewriting this equation in terms of angular diameter (^ld) and bolometric flux (-Fbol), Teff can be 
expre ssed as Teff — 2341 x (-Fbol/^ld)^^"^' where Fbol is in 10^* ergs cm~^ s^^ and ^ld is in mas ()van Belle et al.l 
|1999() . The derived temperature values for the resolved stars of this study are found in Table [H along with {V — K)q 
color. These temperatures are plotted versus {V — K)q in Figure [1] and to explore any potential difference between 
the EHSA stars and the control sample, a fit of the Teff versus {V — K)q trend is performed. 

For the control sample, the initial fit reveals HD87901 as a significant outlier. This is most likely due to two factors: 
(1) HD87901 is bluest and hottest st ar, at (V - K)o = -0.352 and Teff = 14231 ± 314K, and (2) HD87901 is a 
rapid rotator with usini — 300 km/s (|Abt et al.l l200^. and will show departure s from spherici ty that induce gravity 
darkening which render individual Teff determinations meaningless ((Aufdenberg et al.ll2006D . Omitting HD87901 
from the fit, the best fit for the control sample stars is 

Teff = (2832 ± 239) + (6511 ± 225) x io(-o.2204±o.o255)x(y-K)o 

with x^=l-72, with the fitting and error ellipses following the techniques described in iPress et al.l (|1992f ). (Inclusion 
of HD87901 in this fit returns x^=4.98.) 

If we include the EHSA stars in the fit, we find the CHARA data point for 55 Cnc (HD75732) a significant outlier 
as well, which we will discuss further in §5.4.11 Omitting 55 Cnc from the unified fit, we find a single fit gives: 

Teff = (2974 ± 199) + (6368 ± 208) x io(-o-2362±o.o227) x iv-K)o (2) 

with x^=l-82. This fit line is plotted in Figure [1] These fits indicate there is no statistically significant difference 
between the two populations (noting that the EHSA fit is poorly constrained with a small number of data points over 
a small range of {V — K)o, preventing a fit to those data alone). We revisit the question of population similarity in 
further detail in §5.31 

For the fit in Equation [51 the median value of the differences between the Teff values predicted by this fit and the 
measured Teff values is AT(v-K)p — 138K. Since the median value of the errors in the individual Teff measurements 
is Or = 164K, we believe the limit of precision in the line fit is not due to any intrinsic astrophysical scatter in the 
Teff versus {V — K)o relationship, but rather the limits of the current measurements. 

Alternatively, a fit may be made for a cubic relationship between Teff and (V — K)o, (see, for example, the 
corresponding equation in Lcvesquc et al. 2005) but this produces no significant improvement: 

Teff = (9455 ± 313) -I- (-3590 ± 483) x {V - K)q + (891 ± 222) x (V ~ K)l + (-89 ± 33) x {V - K)l (3) 

with only x^=1.68, in spite of the extra degree of freedom. 

For those spectral types for which we have more than one stellar a ngula r size m easurement, we can compare the 
resultant weigh ted mean Teff values to the 'cano nical' values cited in ICoxl (|2000D . which can be traced back to the 
investigation bv lde Jager fc NieuwenhuiizenI (|1987f) . This comparison is seen in Table[5] It i s interesting to note that our 
values of Teff all track increasingly lower between types F8V to G2V in comparison to the lde Jager fc NieuwenhuiizenI 
(fl987i ) values, before returning to agreement with those values at G5V and cooler. 

Finally, given the large number of individual samples of our data set between types F6V and G5V, we present an 
empirical calibration of Teff versus spectral type for this full range, also in Table [3 Spectral types that have no 
measurements (e.g., F7V) have Teff values interpolated from the adjoining spectral types. The average error by 
spectral type is ATgpTypo — 105K. This table and Equation [2l represent a direct calibration of the Teff scale for 
solar-like main sequence stars for the spectral type range F6V-G5V and color range {V — K)q = 0.0 — 4.0. No attempt 
was made for Teff calibration for the later types due to the sparseness of the data, although our data at KIV, K7V 
and M2V represent Teff calibration for those specific spectral types. 



5.2. Linear Radii 
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TABLE 3 

Comparison of spectral energy dist ribution fits fo r ca librators 

FROm IBAINES ET AlI (I2008AI') AS DISCUSSED IN i|4.4l 



Target 


Calibrator 


Calibrator Size 


CHARA 


Difference 


cr 


HD 


HD 


Est. (mas) 


Est. (mas) 


(mas) 




3651 


4568 


0.363 ±0.008 


0.347 ± 0.006 


-0.016 


1.6 


11964 


13456 


0.407 ± 0.009 


0.380 ±0.011 


-0.027 


1.9 


19994 


19411 


0.484 ± 0.030 


0.485 ±0.019 


0.001 


0.0 


75732 


72779 


0.415 ±0.013 


0.413 ±0.010 


-0.002 


0.1 


143761 


136849 


0.236 ±0.035 


0.255 ±0.016 


0.019 


-0.5 


189733 


190993 


0.166 ±0.035 


0.167 ±0.035 


0.001 


0.0 


217014 


218261 


0.387 ±0.009 


0.384 ±0.015 


-0.003 


0.2 



TABLE 4 

DeREDDENED colors, EFFECTIVE TEMPERATURES AND RADII FOR LUMINOSITY 
CLASS V STARS, DISCUSSED IN JS] 



Star ID Vq - Kq Teff d R 

(mag) (K) (pc) (Rq) 



Control Sample: Stars not known to host planets: 



HD1326 


4.095 ± 


0.053 


3584 ± 


105 


3.568 ±0.013 


0.393 




0, 


,023 


HD4628 


2.125 ± 


0.052 


4929 ± 


169 


7.460 ± 0.048 


0.749 


± 


0. 


,051 


HD16160 


2.247 ± 


0.052 


5262 ± 


216 


7.209 ± 0.054 


0.650 


± 


0. 


,053 


HD16895 


1.327 ± 


0.091 


6200 ± 


163 


11.232 ± 0.100 


1.313 


± 


0. 


,069 


HD19373 


1.395 ± 


0.071 


5722 ± 


110 


10.534 ± 0.074 


1.509 


± 


0, 


,058 


HD20630 


1.511 ± 


0.052 


5908 ± 


232 


9.159 ±0.065 


0.882 


± 


0. 


,069 


HD22484 


1.358 ± 


0.101 


6618 ± 


449 


13.719 ± 0.147 


1.345 


± 


0, 


183 


HD30652 


0.925 ± 


0.061 


7067 ± 


124 


8.026 ±0.061 


1.217 


± 


0, 


,043 


HD39587 


1.404 ± 


0.071 


5766 ± 


144 


8.663 ±0.081 


1.047 


± 


0, 


,053 


HD87901 


-0.352 ±0.061 


14231 ± 


314 


23.759 ± 0.446 


3.092 


± 


0, 


147 


HD88230 


3.347 ± 


0.051 


4156 ± 


:89 


4.873 ±0.019 


0.649 


± 


0, 


,028 


HD95735 


4.031 ± 


0.051 


3593 ± 


60 


2.548 ± 0.006 


0.395 


± 


0, 


,013 


HD97603 


0.106 ± 


0.062 


8899 ± 


201 


17.693 ± 0.260 


2.281 


± 


0. 


106 


HD102647 


0.194 ± 


0.052 


8759 ± 


158 


11.091 ± 0.109 


1.657 


± 


0, 


,060 


HD109358 


1.530 ± 


0.072 


5896 ± 


145 


8.371 ±0.058 


1.025 


± 


0. 


,050 


HD114710 


1.311 ± 


0.100 


6167 ± 


165 


9.155 ±0.060 


1.056 


± 


0, 


,057 


HD119850 


4.060 ± 


0.052 


3664 ± 


153 


5.431 ±0.037 


0.481 


± 


0, 


,040 


HD126660 


1.175 ± 


0.073 


6358 ± 


161 


14.571 ± 0.119 


1.772 


± 


0, 


,087 


HD141004 


1.423 ± 


0.081 


6662 ± 


477 


11.754 ±0.111 


1.060 


± 


0, 


152 


HD142860 


1.168 ± 


0.062 


6496 ± 


153 


11.121 ± 0.089 


1.389 


± 


0, 


,065 


HD149661 


1.648 ± 


0.052 


5196 ± 


196 


9.778 ±0.081 


0.934 


± 


0, 


,070 


HD157881 


3.419 ± 


0.052 


4030 ± 


242 


7.720 ±0.057 


0.564 


± 


0. 


,068 


HD185144 


1.845 ± 


0.081 


5628 ± 


148 


5.767 ±0.015 


0.678 


± 


0. 


,035 


HD201091 


2.546 ± 


0.051 


4526 ± 


66 


3.482 ±0.018 


0.610 


± 


0. 


,018 


HD201092 


3.431 ± 


0.051 


4077 ± 


: 59 


3.503 ± 0.009 


0.628 


± 


0, 


,017 


HD210027 


1.267 ± 


0.071 


6359 ± 


141 


11.756 ± 0.098 


1.526 


± 


0, 


,068 


HD215648 


1.243 ± 


0.082 


6461 ± 


190 


16.250 ±0.203 


1.787 


± 


0, 


106 


HD222368 


1.245 ± 


0.081 


6521 ± 


179 


13.791 ± 0.167 


1.577 


± 


0, 


,087 


EHSA Sampl 


o: Known planet 


hosting 


stars 


(PTI): 










HD3651 


1.914 ± 


0.051 


5438 ± 


324 


11.107 ±0.089 


0.818 




0, 


,098 


HD9826 


1.239 ± 


0.081 


6465 ± 


188 


13.468 ± 0.131 


1.480 


± 


0. 


,087 


HD28305 


2.168 ± 


0.052 


4990 ± 


: 50 


47.529 ± 1.852 


12.692 


!± 


: 


1.545 


HD75732 


1.935 ± 


0.221 


4952 ± 


216 


12.531 ± 0.132 


1.100 


± 


0. 


,096 


HD95128 


1.180 ± 


0.341 


6140 ± 


294 


14.077 ±0.131 


1.172 


± 


0, 


111 


HD117176 


1.625 ± 


0.052 


5687 ± 


188 


18.109 ± 0.239 


1.858 


± 


0. 


124 


HD120136 


0.933 ± 


0.053 


6680 ± 


260 


15.596 ± 0.170 


1.450 


± 


0, 


112 


HD143761 


1.439 ± 


0.052 


5936 ± 


339 


17.428 ± 0.216 


1.306 


± 


0, 


149 


HD217014 


1.432 ± 


0.051 


5800 ± 


338 


15.361 ± 0.179 


1.141 


± 


0, 


133 


EHSA Sampl 


e: Known planet 


hosting 


stars 


(CHARA): 










HD3651 


1.914 ± 


0.051 


5062 ± 


:88 


11.107 ±0.089 


0.944 


± 


0, 


,033 


HD11964 


1.543 ± 


0.022 


5413 ± 


359 


33.979 ± 1.051 


2.234 


± 


0, 


,304 


HD19994 


1.189 ± 


0.238 


6109 ± 


111 


22.376 ± 0.376 


1.898 


± 


0, 


,070 


HD75732 


1.831 ± 


0.042 


4836 ± 


: 75 


12.531 ± 0.132 


1.152 


± 


0, 


,035 


HD143761 


1.439 ± 


0.052 


5981 ± 


194 


17.428 ± 0.216 


1.287 


± 


0. 


,084 


HD189733 


2.051 ± 


0.028 


4939 ± 


158 


19.253 ± 0.322 


0.781 


± 


0. 


,051 


HD217014 


1.432 ± 


0.051 


5571 ± 


102 


15.361 ± 0.179 


1.237 


± 


0, 


,047 



8 



van Belle & von Braun 



9000 




LC V 

EHS stars 
-vB+99111 
-LC Vfit 



3000 4 



Fig. 1. — Effective temperature Te ff ve rsus {V — K)q color for control sam ple and EHS A s tars. Also shown is a fit to the luminosity 
class V stars (solid line, discussed in i|5.1ll . the relationship for giants found in Ivan Belle et aL (1999) (dashed line) and for a blackbody 
radiator (dotted line). The median deviation of the stellar data points from the solid line fit is AT = 138K. 

From the parallax values found in Table [S] from Hipparcos (jPerrvman et al.lll997f ). linear radii are derived for the 
resolved stars of this investigation and are found in Table [H A cubic relationship fit to the combined EHSA and 
control samples is: 

R = (2.263 ± 0.026) + (-1.261 ± 0.016) x {V - K)o + (0.347 ± 0.011) x {V - K)l + (-0.036 ± 0.010) x (V^ - A^o (4) 

with a x^ = 15.1. Clearly this metric indicates a poor fit, which is consistent with some of the stars beginning to evolve 
well off of the zero-age-main-sequence (ZAMS) line. This effect is seen in a plot of the data in Figure [2l with the 
presumably older stars being situated to the right of the line fit. As such, Equation 0] should be regarded as only a 
rough indication of stellar radius, and not applicable in any general sense to determining linear radii of random field 
stars. 



5.3. Kolmogorov-Smirnov Comparison Between 
Exoplanet Hosting Stars and Control Stars 

As detailed in iPress et al] (|1992f ). the Kolmogorov- 
Smirnov (KS) test can be executed to compare two ar- 
rays of data values, and examine the probability that the 
two arrays are drawn from the same distribution. The 
KS test returns two values: the KS statistic D, which 
specifies the maximum deviation between the cumulative 
distribution of the two sample of data, and probability 
p, giving the significance of the KS statistic. Small val- 
ues of p{< 0.20) show that the two distributions differ 
significantly. 

Examining the Teff versus {V — K)q data of the 
EHSA stars versus the control sample stars, we find that 
D = 0.25 with p = 0.54 - strong indication that two 
data sets are indeed statistically indistinguishable. The 
astrophysical implication is that, within the limits of our 
measurements, the effective temperature scale of stars 
with known planets does not differ from those without 
known planets. 

The corresponding R versus {V — K)o KS test, how- 
ever, reports D — 0.50 and p — 0.01, which seems to in- 



dicate the two samples are inconsistent with each other. 
However, the significance of this result is simple: our con- 
trol sample is specifically selected to be main sequence 
stars, whereas the EHSA sample includes a number of 
evolved sources, as clearly seen in Figure [5] One corol- 
lary implication of these two KS tests is that stars on 
main sequence and those evolving off of it do not differ 
significantly in their Teff versus {V — K)q relationships. 

5.4. Comparison with Previous Studies 

There is a variety of data available for the known EHSs 
in the literature, derived from different methods by dif- 
ferent authors. Thus, discrepancies, though sometimes 
small, exist. In order to be as consistent as possible, 
we chose the following two catalogs as data sources for 
astrophysical parameters: 

• Mass, age, Teff and [Fe/H] from lValenti fc Fischeil 
(f200l 

• Linear radius from iTakeda et aTl ()2007l ) 

A comparison of the Teff values measured in this inves- 
tigation can be directly contrasted against those found 
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TABLE 5 
Effective temperature versus 
spectral type, with an empirical 

calibration of effective 
temperature versus spectral type 
for ty'pes f6v through g5v. 



Fig. 2. — Linear radius R versus {V — K)q color for control sample and EHSA stars as discussed in i|5.2l Also shown is a fit to the control 
sample and EHSA stars (solid line). One of our EHSA stars, HD28305, is a giant star with {(V-K)o = 2.168±0.052, R = 12.692±O.545R0 } 
and is ofl^ the scale of this plot. 

control star samples, we find: 

Tehs = (-123 ± 693) + (1.023 ± 0.122) x Tpvos (5) 

with xt = 1-66. As illustrated in Figure [31 there is no 
significant difference between the Teff values obtained 
with interferometry and spectroscopy. 

A marginal offset is found between our R and the radii 
of lTakeda etall (l200l : 

i?EHS = (0.071 ± 0.047) + (0.930 ± 0.059) x i?T+07 (6) 

with xt = 1-87 - roughly a 2-a offset between the line 
slope and intercept values for R from theory versus those 
determined interferometrically. The general trend is for 
the larger {R > 1.2i?0) stars to have a larger theoretical, 
rather than interferometric, linear size. These values and 
the general trend can be seen in Figure |4l 

5.4.1. Discussion of 55 Cnc (HD 75732) 

Inclusion of the PTI and CHARA data points for 
55 Cnc^ in the fit of Equation [2] pushes the from 1.82 
up to 2.91, with the CHARA data points remaining as 
6 — (7 outliers; inclusion of just the PTI points results in 
X^=1.88. As such, we decided to omit both the CHARA 
and PTI data points for 55 Cnc from the fit. There are 



Spectral 


N 


Teff 


TeFF.Cox 


Type 




(K) 


(K) 


F6V 


6 


6582 ± 64 


6515" 


F7V 




6394 ± 104 


6385=' 


F8V 


4 


6206 ± 81 


6250 


F9V 




6025 ± 105 


6095=* 


GOV 


7 


5844 ± 66 


5940 


GIV 




5717 ± 118 


5865=' 


G2V 


2 


5590 ± 97 


5790 


G3V 




5562 ± 150 


5715" 


G4V 




5534 ± 150 


5635" 


G5V 


4 


5507 ± 115 


5560 


KIV 


4 


4966 ± 53 


4990" 


K7V 


3 


4099 ± 48 


4125" 


M2V 


3 


3599 ± 49 


3520 



Note. — See discussion at end of ^STTI 
Data after G5V were sufficiently sparse to 
not merit empirical calibration of the full 
range. A'^ is the number of angular size 
measurements per spectral type; rows with 
no value for A^^ are interpolated values. 
Columns 3 and 4 are from this work and 

\Ca^ | |2000n , respectively. 

^ No specific value given in in- 
terpolated from neighboring data points. 



in IValenti fc Fischeil ()2005f ). Combining our EHSA and 



^ 55 One's d istance is 12 53ifc0 .13 pc l lPerrvman et al.ll99'f^. It is 
KOIV-V star l lOrav et al.ll200l) with V = 5.398 IIBessellll2000h . It 
has a mass of O.92±O.O46M0 , an age of 9.5^5 1 Gyr, Teff = 5235± 
44K, and [Fe/Hl=0.31 ± 0.03 fValenti fc Fischer"2005l). Its radius 
is 0.91 Rq in Pasinctti Fracassini ct al. (2001) and 1.04 ± O.O6ij0 
when using the equations in iLana il980i) . The values from this 
investigation are: Teff = 4952 ± 216, R = 1.100 ± 0.096^0. 
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Fig. 3. — Effective temperature as determined by this study, versus those values found spectroscopically bv IValenti fc Fischeri I I2005I) 
for EHSA stars (red triangles) and our control sample stars (blue diamonds), as discussed in §5.3. The solid line is the 1:1 line, with the 
dotted line the fit to the Tehs versus Typos data points. 



two possible reasons for 55 Cnc turning up as "too cool" 
to fall onto the Teff versus {V — K)q fit of Equation[21 
First, the CHARA data points could be in error: in- 
cluding just the PTI data for 55 Cnc does not signifi- 
cantly alter the resulting xt value. However, the angular 
size and Teff values for 55 Cnc from PTI and CHARA 
are in direct agreement with each other, although the 
PTI size data point has a larger error, indicative of its 
lesser resolving power for this ^ 0.85 mas star. To 'force' 
the 55 Cnc data onto the Teff versus {V — K)o fit line, 
its angular size would need to be reduced to ~ O.TOmas. 
Calibrator size error does not appear to be the source of 
the problem: the si ze of calibrator HD72779 quoted in 
iBaines et al] (|2008aD is 6'est = 0.413 ± O.OlOmas - con- 
firmed independently in this investigation with a value of 
0.415 ± O.OlSmas - and would have to be ~ 0.65mas to 
push the 55 Cnc visibility data to deliver the larger angu- 
lar size. Alternatively, the Fbol calculation for 55 Cnc 
could be too low, but require an increase from 1.4 x 10~^ 
erg cm~^ s~^ to ~ 2 x 10^* erg cm~^ s~^, which is far 
outside the allowable bounds of SED fitting, regardless 
of the template selected. 



The second possible reason is that the visibility data 
could be contaminated by the presence of a secondary 
stellar companion. Such a companion would reduce the 
observed visibility, resulting in an apparent increase in 
angular size, which in turn would effect an apparent de- 
crease in derived temperature - as seen with the 55 Cnc 
data. Examination of the {u, v} plots associ ated with the 
CHARA dates and configuration cited in IBaines et al.l 
(feOOSa) indicate a small amount (< 20°) of baseline 
rotation, with nearly zero change in baseline length, 
which would have le ad to a null result in detection in 
IBaines et al.l ()2008bf ) for a secondary stellar companion 
- even in some cases where one is present. There is a 
known companion to 55 Cnc at a distance of ~1000 pc, 
or 9'.'5 on the sky; however, with AK — 3.65 (based on 
a spectral type of ~M4), in the worst case we would see 
a visibility change of of only AV ~ 0.02, which would 
only lower the apparent size from ~0.85 to 0.82 mas. 
Additionally, our nai've expectation is that the intensive 
spectroscopic studie s of 55 Cnc that ha ve turned up no 
less than 5 planets (jFischer et al.l 12008? ) would have un- 
covered such a companion, so we are at a loss as to how to 
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Fig. 4. — Linear radii as determined by this study, versus those values found spectroscopically bv lTakeda et al] 1120071 ) for EHS stars (red 
triangles) and our control group (blue diamonds). The solid line is t he 1:1 line, wi th the dotted line the fit to the i?EHs/^Takeda values. 
A trend is seen with the larger (R > 1.2Rq) stars being larger in the lTakeda et all ||2007A study. 



reconcile interferometric data with the spectroscopic dis- 
coveries. For the moment we will be content to simply 
remove it from the effective temperature scale calibra- 
tions presented in i j5.ll 

6. SUMMARY AND CONCLUSION 

We present directly determined stellar radii and effec- 
tive temperatures for 12 exoplanet host stars, along with 
the same estimates for 28 main-sequence control stars 
not known to host planets. In the process, we demon- 
strate the empirical limit of PTl's stellar angular resolu- 
tion and the implications for angular sizes measured near 
that limit. While our results show consistency between 
the direct measurements of effective temperature and in- 
directly determined literature values, a small difference 
exists between our radii measurements and theoretical 
estimates in the sense that for larger stars, the theoreti- 
cal estimate falls slightly above the direct measurement. 
From our effective temperature measurements, an empir- 
ical calibration of effective temperature versus {V — K)o 
color and spectral type is presented, with a spread of 
AT(v-K)o = 138K over the range {V - K)a = 0.0 - 4.0 



and AT. 



SpTypo 



105K for F6V - G5V. No such calibra- 



{V — K)q color (presumably due to stellar evolution ef- 
fects). Among the stars considered, 55 Cnc is found to 
be problematic in terms of its interferometrically deter- 
mined effective temperature, for reasons that are unclear. 
Finally, the spectral energy distribution fitting tools em- 
ployed in this investigation also enable indirect estimates 
of stellar angular size to be attempted for the full ensem- 
ble of stars known to host extrasolar planets, and this 
database of 166 stars is presented in the "XO-Rad" ap- 
pendix. 



We would like to acknowledge constructive input and 
the occasional snide comment from David Ciardi. This 
investigation has made extensive use of the sedFit code, 
graciously provided by perl guru Andrew F. Boden. The 
preparation of this manuscript was greatly helped by the 
use of the Extrasolar Planet Encyclopedia^. This re- 
search made use of the NASA/IPAC/NExScI Star and 
Exoplanet Database (NStED)*, which is operated by the 
Jet Propulsion Laboratory, California Institute of Tech- 
nology, under contract with the National Aeronautics 
and Space Administration. This publication makes use 



tion is possible for linear radius versus {V — K)o color, 
due to the large spread in radius values for any given 



^ Available at 
* Available at 



http : //exoplanet . eul 

http : //nsted . ipac . caltech.edu| 
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of data products from the Two Micron All Sky Sur- 
vey, which is a joint project of the University of Mas- 
sachusetts and the Infrared Processing and Analysis Cen- 
ter/California Institute of Technology, funded by the Na- 
tional Aeronautics and Space Administration and the 
National Science Foundation. The Palomar Testbed In- 
terferometer is operated by the NASA Exoplanet Sci- 



ence Institute/Michelson Science Center on and the PTI 
collaboration and was constructed with funds from the 
Jet Propulsion Laboratory, Caltech as provided by the 
National Aeronautics and Space Administration. This 
work has made use of services produced by the NASA 
Exoplanet Science Institute at the California Institute of 
Technology. 



APPENDIX 
THE XQ-RAD DATABASE 

For the full list of ~ 230 stars found at the Extrasolar Planet Encyclopedia (as of 1 F eb 2008), we co llected photometry 
and performed SED fits as described in the main manuscript in fJJl and in detail in Ivan Belle et a l. (2008). 64 of the 
stars have insufhcient photometry and were dropped from the SED fitting. The resultant 166 fits provide estimates 
of bolometric flux Fbol, V^-band reddening Ay, angular s ize 6*esT i and linear radius i?EST- Effective temperatures 
are constrained to be those associated with the best fitting iPicklesI ()1998D empirical template. Spectral types used in 
the SED fitting for EHS stars are those values found in the Exoplanet Encyclopedia, which is in turn based upon the 
respective source discovery papers cataloged therein. The non- planet-hosting main se quence stars have their spectral 
types established from those values found in Hipparcos catalog ijPerrvman et al."1997l. Linear radius is computed by 
combining the angular size estimates with the Hipparcos data found in Ivan Leeuwen ( 2007i ). For a few of the stars, the 
linear radius is too large to be consistent with the main sequence spectral types indicated in the literature; for these 
objects, a second iteration on the SED fit is performed with a subgiant (luminosity class IV) template, resulting in a 
more appropriate set of fit parameters {^bol, ^y, ^'est, ^est}- The full XO-Rad dataset of exoplanet radii is seen in 
Table [f| 
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TABLE 6 

Observed and derived supporting parameters for luminosity class V stars. 



Star ID 




^'UD 


xi 


5y2 


^ld/^ud 








Spectral 


V 


K 




Points 


(mas) 








(mas) 


(mag) 


10~* erg cm~^ 


Type 


(mag) 


(mag) 




Control Sample: Stars not known to host planets: 


HD1326 


216 


1.009 ± 0.009 


1.02 


0.058 


1.017 


1.027 ± 0.059 


0.105 ± 0.019 


5.79 ± 0.13 


- 


8.15 ± 0.05 


3.96 ± 0.05 


HD'1628 


98 


0.911 ± 0.013 


1.18 


0.042 


1.024 


0.933 ± 0.064 


0.000 ± 0.015 


17.12 ± 0.29 


KIV 


5.74 ± 0.05 


3.61 ± 0.05 


HD16160 


42 


0.820 ± 0.045 


0.44 


0.055 


1.022 


0.838 ± 0.069 


0.065 ± 0.014 


17.93 ± 0.31 


K3V 


5.83 ± 0.05 


3.52 ± 0.05 


HD16895 


118 


1.067 ± 0.016 


0.62 


0.036 


1.018 


1.086 ± 0.056 


0.000 ± 0.015 


58.06 ± 0.99 


F8 


4.11 ± 0.05 


2.78 ± 0.09 


HD19373 


14 


1.304 ± 0.022 


2.36 


0.052 


1.021 


1.331 ± 0.050 


0.015 ± 0.014 


63.24 ± 0.95 


F9.5V 


4.05 ± 0.05 


2.64 ± 0.07 


HD20630 


2 


0.878 ± 0.068 


0.00 


0.000 


1.019 


0.895 ± 0.070 


0.000 ± 0.015 


32.46 ± 0.55 


G5V 


4.85 ± 0.05 


3.34 ± 0.05 


HD22484 


8 


0.897 ± 0.122 


0.74 


0.064 


1.016 


0.911 ± 0.123 


0.055 ± 0.012 


52.99 ± 0.77 


F8V 


4.30 ± 0.05 


2.89 ± 0.10 


HD30652 


38 


1.388 ± 0.024 


0.30 


0.053 


1.015 


1.409 ± 0.048 


0.225 ± 0.010 


164.90 ± 2.51 


F6V 


3.18 ± 0.05 


2.05 ± 0.06 


HD39587 


84 


1.102 ± 0.018 


1.26 


0.068 


1.019 


1.124 ± 0.056 


0.011 ± 0.014 


46.45 ± 0.76 


GOIV-V 


4.40 ± 0.05 


2.99 ± 0.07 


HD87901 


262 


1.192 ± 0.008 


1.18 


0.049 


1.015 


1.209 ± 0.053 


0.150 ± 0.010 


1997.00 ± 26.62 


B8IVn 


1.40 ± 0.05 


1.62 ± 0.06 


HD88230 


64 


1.208 ± 0.013 


2.02 


0.096 


1.025 


1.238 ± 0.053 


0.000 ± 0.011 


15.23 ± 0.06 


K8V 


6.61 ± 0.05 


3.26 ± 0.05 


HD95735 


80 


1.417 ± 0.009 


0.00 


0.001 


1.015 


1.439 ± 0.048 


0.151 ± 0.011 


11.49 ± 0.05 


Mb 


7.51 ± 0.05 


3.34 ± 0.05 


HD97603 


126 


1.180 ± 0.010 


0.96 


0.046 


1.015 


1.198 ± 0.053 


0.205 ± 0.014 


299.60 ± 5.69 


A5 IV (n) 


2.53 ± 0.05 


2.24 ± 0.06 


rliJlUzD4 ( 


66 


l.ODO ± U.UlO 


0.51 


0.016 


1.015 


1.008 ± u.U4y 


O.Uoo ± U.Ulo 


377. ou ± D.oo 


AoVa 


1 Q _l_ n 


1 nn _l_ n nc 

i.yo ± O.Uo 


HD109358 


166 


1.117 ±0.008 


0.66 


0.036 


1.019 


1.138 ±0.055 


0.000 ± 0.015 


52.12 ± 0.87 


GOV 


4.25 ± 0.05 


2.72 ± 0.07 


HD114710 


28 


1.052 ± 0.014 


0.61 


0.037 


1.018 


1.071 ± 0.057 


0.073 ± 0.010 


55.28 ± 0.64 


GO 


4.25 ± 0.05 


2.87 ± 0.10 


HD119850 


142 


0.811 ±0.011 


0.99 


0.062 


1.015 


0.823 ± 0.069 


0.000 ± 0.014 


4.06 ± 0.03 


K2 


8.50 ± 0.05 


4.44 ± 0.05 


HD126660 


134 


1.111 ± 0.014 


1.35 


0.049 


1.017 


1.130 ±0.055 


0.109 ±0.022 


69.46 ± 1.99 


F8 


4.05 ±0.05 


2.78 ±0.07 


HD141004 


6 


0.824 ±0.118 


0.63 


0.024 


1.016 


0.838 ±0.120 


0.044 ±0.010 


46.01 ±0.58 


GOIV-V 


4.42 ± 0.05 


2.96 ±0.08 


HD142860 


58 


1.142 ± 0.009 


0.42 


0.035 


1.017 


1.161 ±0.054 


0.053 ± 0.014 


79.92 ± 1.37 


F5 


3.84 ±0.05 


2.62 ±0.06 


HD149661 


18 


0.868 ± 0.027 


1.99 


0.095 


1.023 


0.888 ± 0.066 


0.324 ±0.015 


19.12 ±0.50 


KIV 


5.77 ±0.05 


3.83 ±0.05 


HD157881 


26 


0.664 ± 0.036 


0.35 


0.024 


1.023 


0.679 ± 0.082 


0.000 ± 0.014 


4.05 ± 0.06 


MIV 


7.56 ±0.05 


4.14 ±0.05 


HD185144 


6 


1.070 ± 0.056 


0.59 


0.018 


1.021 


1.092 ± 0.057 


0.000 ± 0.013 


39.86 ±0.60 


G9V 


4.68 ±0.05 


2.83 ±0.08 


HD201091 


50 


1.588 ± 0.008 


0.47 


0.037 


1.025 


1.628 ±0.046 


0.000 ± 0.011 


37.01 ±0.48 


K5V 


5.23 ±0.05 


2.68 ±0.05 


HD201092 


16 


1.629 ± 0.033 


1.05 


0.062 


1.023 


1.666 ±0.046 


0.232 ± 0.012 


25.55 ± 0.47 


K7V 


5.96 ±0.05 


2.32 ± 0.05 


HD210027 


172 


1.186 ± 0.006 


2.44 


0.055 


1.017 


1.206 ±0.053 


0.000 ± 0.011 


79.17 ± 1.01 


F5 


3.77 ±0.05 


2.50 ±0.07 


HD215648 


248 


1.005 ± 0.006 


1.09 


0.048 


1.017 


1.022 ±0.059 


0.101 ± 0.017 


60.61 ± 1.35 


F5 


4.20 ±0.05 


2.87 ±0.08 


HD222368 


128 


1.046 ± 0.015 


0.91 


0.065 


1.016 


1.062 ±0.057 


0.148 ± 0.014 


67.94 ± 1.38 


F8 


4.13 ±0.05 


2.75 ±0.08 


EHSA Sample: Known planet hosting stars (PTI): 


HD3651 


222 


0.670 ± 0.080 


1.03 


0.082 


1.022 


0.685 ± 0.081 


0.075 ± 0.015 


13.84 ±0.23 


KOV 


5.88 ±0.05 


3.97 ±0.05 


HD9826 


540 


1.004 ± 0.058 


0.89 


0.035 


1.017 


1.021 ± 0.059 


0.000 ± 0.013 


60.68 ± 0.91 


GO 


4.10 ±0.05 


2.86 ± 0.08 


HD28305 


32 


2.422 ± 0.044 


1.30 


0.028 


1.024 


2.481 ± 0.045 


0.056 ± 0.014 


127.10 ± 2.03 


KOIII 


3.53 ±0.05 


1.31 ± 0.05 


HD75732 


16 


0.796 ± 0.069 


0.23 


0.018 


1.024 


0.816 ± 0.071 


0.000 ± 0.018 


13.32 ± 0.26 


KOIV-V 


5.95 ± 0.05 


4.01 ± 0.22 


HD95128 


48 


0.760 ± 0.072 


1.34 


0.086 


1.018 


0.774 ± 0.073 


0.123 ± 0.024 


28.33 ± 0.92 


GO 


5.04 ± 0.05 


3.75 ± 0.34 


HD117176 


192 


0.934 ± 0.061 


1.40 


0.058 


1.021 


0.953 ± 0.062 


0.121 ±0.015 


31.64 ± 0.62 


GO 


4.97 ± 0.05 


3.24 ±0.05 


HD120136 


264 


0.850 ± 0.065 


0.98 


0.048 


1.016 


0.864 ± 0.066 


0.219 ±0.018 


49.49 ± 1.33 


F5 


4.49 ±0.05 


3.36 ± 0.05 


HD143761 


354 


0.683 ± 0.078 


0.31 


0.029 


1.019 


0.697 ± 0.079 


0.096 ± 0.016 


20.05 ± 0.41 


GOV 


5.41 ±0.05 


3.89 ± 0.05 


HD217014 


454 


0.677 ± 0.079 


1.28 


0.069 


1.019 


0.690 ± 0.080 


0.043 ± 0.009 


17.94 ±0.18 


G3V 


5.46 ±0.05 


3.99 ± 0.05 


EHSA Sample: Known planet hosting 


; stars (CHARA): 
















HD3651 




0.773 ± 0.026 






1.022 


0.790 ±0.027 


0.000 ± 0.012 


13.64 ±0.18 


KOV 


5.88 ±0.05 


3.97 ±0.05 


HD11964 




0.597 ± 0.078 






1.023 


0.611 ±0.081 


0.437 ±0.010 


10.67 ±0.14 


G5 


6.42 ± 0.05 


4.49 ±0.02 


HD19994 




0.774 ±0.026 






1.018 


0.788 ±0.026 


0.160 ± 0.027 


28.79 ±0.83 


F8V 


5.08 ± 0.05 


3.75 ±0.24 


HD75732 




0.834 ± 0.024 






1.024 


0.854 ±0.024 


0.111 ± 0.022 


13.28 ±0.34 


G8V 


5.95 ± 0.05 


4.02 ± 0.04 


HD143761 




0.673 ± 0.043 






1.019 


0.686 ± 0.044 


0.096 ± 0.016 


20.05 ±0.41 


GOV 


5.41 ±0.05 


3.89 ± 0.05 


HD189733 




0.366 ± 0.024 






1.030 


0.377 ±0.024 


0.101 ±0.018 


2.82 ±0.04 


KIV 


7.68 ± 0.05 


5.54 ±0.02 


HD217014 




0.733 ± 0.026 






1.020 


0.748 ± 0.027 


0.043 ± 0.009 


17.94 ± 0.18 


G3V 


5.46 ± 0.05 


3.99 ± 0.05 



p 
til 

til 
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TABLE 7 

The xo-Rad database: estimates of planetary host star bolometric 

FLUX, REDDENING, ANGULAR DIAMETER. AND LINEAR RADII FROM SPECTRAL 
ENERGY DISTRIBUTION FITTING. 



HD 


lemplate 


Template 


,,2 
XZ 


■'VpHOT 


^BOL 




Ay 




PEST 




.Rest 


Number 




Tbff (K) 






(10~® cm~^ s~^) 




(mag) 




(mas) 






142 


F6V 


fjoan + 70 


0.38 


78 


J-'rl. 1 -L _l_ O.iiO 


0. 


no + 01 

. uy _i_ u. ux 


0. 


KQQ -1- n 01 3 

1 000 _1_ u.uxo 


X 


,47 ± 0.04 


1237 


G8V 


OOOO ZC tJU 


3.24 


23 


7 ni -k n nn 

/ . u -L ^ u. uy 


0. 


1 c _L n n9 

. -LU IX U. UZr 


0. 


4cc: 4_ n nnn 
.luo in u.uuy 


0. 


ce -1- n 09 


2039 


GOIV 


c:qoq j_ on 
Oj^d in yu 


1.08 


23 


n fio -1- n ni 

u . uy m u . U-L 


0. 


ns -1- n n9 

.UO I3Z U . U^ 


0. 


1 on 4. n nn4 
.xou m u.uu'i 


]^ 


43 -|_ Q X5 


2638 


G8V 


tj O O O —I- t J u 


1.91 


8 


n f:;7 _i_ n n ] 

U.Ul —1— W.U-L 


0. 


00 + n 02 


0. 


1 c:o 4_ n nno 
. XOO —1— u.uuo 


0. 


,85 ± 0.07 


3651 


KOV 


51 88 + 'iD 

tj J- O O —I- t J I.' 


2.52 


135 


1 /I SI + n 23 


0. 


17 ± 0.01 


0. 


783 ±0016 

.100 —1— U . U X u 


0. 


,93 ± 0.02 


4113 


G5V 




0.55 


22 


ni n n9 

Zr.UX ^ U.UZr 


0. 


.07 ± 0.01 


0. 


940 4- n nn^^ 

,Zr4:y ^ u.uuo 


]^ 


1 a -1- n 0^ 


4208 


G5V 


ccoc _|_ cn 

tJtJOtJ _1_ iJiJ 


1.44 


46 


2 90 H- n OS 


0. 


01 ± 0.01 


0. 


ofii 4_ n 00"^ 

..^UX _L_ U.UUO 


0, 


.91 ± 0.03 


4308 


G5V 


iJ«JtJ\J _1_ tJU 


1.12 


66 


7 ca -I- n n'S 

1 .00 _l_ u.uo 


0. 


18 ± 0.01 


0. 


447 -1- n 008 

■ '^'-t 1 _1_ L/.UUO 


1, 


.06 ± 0.02 


5319 


G5IV 


ccna _i_ an 

ijtji70 _1_ OU 


5.23 


64 




0. 


q2 -1- 01 

. ty^ 1 u.ux 


0. 


QQ1 4- 010 

. OOX _L_ U.UXU 


4, 


.08 ± 0.42 


6434 


G2V 


tJOL» I _1_ tJU 


1.65 


41 


4Q -1- n n!j 

i;.^0 _l_ U.UO 


0. 


no + n 01 

.Ui7 1 U.UX 


0. 


.^00 _L_ U.UUO 


1. 


.13 ±0.03 


8574 


F8V 


«nAn -1- "^io 


0.06 


23 


Q no _i_ n n^ 


0. 


nn; -J- n ni 

.UO zn u.ux 


0. 


907 4_ n nn^ 

.^£7 1 U.UUO 


1. 


.42 ± 0.04 


9826 


F8IV 


fil c;9 -1- inn 


0.64 


134 


fin Rn -1- n rq 

UU.UU ^0 U.Oi7 


0. 


nn 4- 01 

.UU ^ u.ux 


\ 


1 on 4- n n^R 

.XOU u.uoo 


1, 


.64 ± 0.05 


10647 


F8V 


cfizin -1- ^0 


0.57 


61 


1 c 41 _L n cn 

J-V),'±-L ZIZ U.UU 


0. 


nn n n'i 

. UU U.UO 


0. 


RCiQ 4_ n ni 

,uuo zn u.uxo 


1, 


,14 ±0.03 


10697 


G5IV 


tJUOf _1_ OiJ 


0.28 


47 


Q 48 + 1 3 

y . '±0 —1— o.-Lo 


0. 


,15 zb 0.01 


0. 


521 + 01 R 

. ^ X 1 ^.J . U X u 


1, 


,83 ± 0.06 


11506 


GOV 




0.66 


30 


Kf? _L n no 

Zr.OU ^ U.UZr 


0. 


01 zb 0.01 


0. 


9cn -1- n nn5 

.^uu zn u.uuo 


1, 


,45 ± 0.05 


11964 


G5IV 


rccQQ 1 on 
tJOc/O ^ OU 


0.47 


52 


Q on -1- n 11 

y . ou ^ u . -L ± 


0. 


on 4- n ni 

.ou ^ u.ux 


0. 


c;47 _|_ n ni 
. o'i/ zn u.uxu 


1, 


,93 ±0.07 


11977 


G8III 


OWJ-ii _1_ -LOW 


0.80 


36 


4c KO _L 1 CO 


0. 


ns + n o'^ 

. UO _L U. UO 


\ 


4Qn 4- n OQ*^ 
.riyu _i_ u.uyo 


10, 


,75 ±0.68 


12661 


KOV 


c;qQq -|_ Kn 


1.11 


26 


Q ns + 03 

o.uo _i_ u.uo 


0. 


10 ± 0.01 


0. 


QOS ± 006 

lOUO _1_ u.uuu 


1, 


,16 ±0.03 


13189 


K3III 


AQKc; -L 1 nn 


0.98 


7 


« OK + n 27 

U.OO _l_ O.iil 


0. 


«o + n 04 

. UU _l_ U. Url 


0. 


7KQ -1- n 038 

. 1 00 —1— U.UOO 


45.53 ± 18.81 


13445 


KOV 


51 88 + 50 


0.52 


82 


11 fio + 28 


0. 


1 + n 02 

. xu _i_ u. yjij 


0. 


694 ±0016 

, v^y ± —I- u.uxu 


0. 


81 ± 02 

. X 1 u . u ^ 


16141 


G5IV 




0.53 


59 


O.UO _L U.UO 


0. 


00 + n 01 

.UU _i_ u.ux 


0. 


381 ±0012 

.OOX U.UXZi 


1, 


60 ± 06 

.UU —1— U.UU 


16175 


F8IV 


«i ceo _L 1 nn 

U-LOZr ^ ±UU 


0.94 


15 


c:4 1 n nc: 
0.01 m u.uo 


0. 


1 Q _L n n9 
, xo zn u. u^ 


0. 


979 4_ n nnQ 

1 ^ m u.uuy 


X 


fio -1- n OQ 

. uy _i_ u. uy 


17051 


F8V 


fin^n _|_ c;n 


0.24 


73 


10 c;7 _L n 4n 


0. 


n^ + n 02 

.UO _J_ U.Ui; 


0. 


«47 4_ n ni H 

. Urt ( _1_ U.UXO 




20 + 02 

.^U _1_ U.Ui; 


17092 


KOIII 




8.12 


5 


c 21 + n 05 

O.^X _l_ U.UO 


0. 


80 + 04 

. OU 1 u.u^ 


0. 


cQi -L n 029 

.OOX _L_ \j.\J£it7 


6. 


.22 ± 3.74 


17156 


F8IV 


61 52 + 100 


3.13 


5 


1 4H + n 02 


0. 


.10 ± 0.04 


0. 


1 7f! -1- n onfi 

. X 1 u _i_ u.uuu 


\ 


42 ± 09 

.'-t^ _1_ U.Ui7 


19994 


F8IV 


fjl KO + 1 00 


0.48 


82 


2fi 61 + 95 


0. 


09 + 03 

■ Kjsy _i_ u.uo 


0. 


747 -1- 028 


1 


82 ± 07 


20367 


GOV 


^^4117 -1- fifl 


1.12 


37 


7 Qc _|_ n n7 

1 .00 IjZ U.Ul 


0. 


.01 zb 0.01 


0. 


AA-x 4_ n nn^i 

.^ix ^ u.uuo 


\ 


27 4- n 03 

. ^ 1 _i_ u.uo 


20782 


GOV 


CQn7 _|_ cn 
tJOL; I _i_ iju 


1.58 


34 


O.OU _l_ L/.Uti 


0. 


20 + 01 

. ^U 1 L/.UX 


0. 


SOfi 4- 00^ 
.ouu _i_ u.uuo 


\ 


.17 zb 0.03 


22049 


K2V 


4007 _|_ cn 


2.15 


201 


1 ns nn -1- 1 nfi 

XUO.UU ZIZ A.UU 


0. 


nn -1- n ni 

.UU ZIZ U.ux 


2, 


'\RV[ A- n n^n 

.oou u.uou 





09 4_ n n9 


23079 


F8V 


cn^n _|_ cn 


1.02 


26 


4 n"? -1- n n'i 

i.uo ^ u.uo 


0. 


07 zb 0.01 


0. 


oni 4- n nn5 

oux zn u.uuo 




1 n 4- n 02 

. xu _1_ U. UiJ 


23127 


G2IV 




1.70 


30 


n 07 -1- n ni 

u . y ( ^ u . U-L 


0. 


n9 4. n ni 
ziz u.ux 


0. 


1 (^7 _i_ n nnc: 
.xui ZL u.uuo 


]^ 


.77 zb 0.13 


27442 


K2III 




1.80 


66 


fi7 c;4 _L 1 00 
u ( . 01 ^ ± . 00 


0. 


n9 -u n n9 

. ^ U. UZr 


2, 


97n 4- n 1 1 A 
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168746 


G5V 


KKBK -L KO 

iJiJOiJ _1_ ijl^ 


0.68 


23 


2 05 + 03 


0. 


1 + 02 


251 + 005 

w-iiox _i_ yj .yjyj'j 


1 1 5 + 04 

X.XO _i_ yj . ort 


169830 


F5IV 


f;c;f;2 + 1 50 


0.67 


34 


1 2 QO + 09 


0. 


20 + 01 


457 + 021 


1 so + 09 

X . 00 _1_ "J.Uv? 


171028 


GOV 


KB07 + Kr, 


0.77 


23 


1 77 + 03 


0. 


qi + 02 


216 + 004 


2 55 + 2 19 

ii.OO _1_ . X C/ 


175541 


G5IV 


KKOfi + BO 


0.65 


25 


2 QQ + 06 


0. 


,61 ± 0.01 


qo2 + 009 

yj.ijyj^ _i_ yj.yjyjz) 


4 1 q -L 51 

rt. XO _1_ "J. OX 


177830 


G8IV 


5309 + 75 


0.80 


14 


6 90 + 23 


0, 


66 + 03 


51 1 + 01 7 

yj *\j A. ±. _L- \j . V/ X i 


3 25 + 16 


178911 


F8IV 


61 52 + 1 00 


0.50 


32 


6 31 + 05 


0, 


,23 + 0.01 


364 + 012 


2 05 + 26 


179949 


F8V 


6040 + 50 


0.78 


50 


a -1- 08 


0. 


00 + 01 


433 + 007 

yj,'-±\j:) _i_ \j .yjyj t 


1 28 + 03 

X . Zj c J _i_ . 


1 83263 


G2IV 


5929 + 90 


1.17 


24 


1 85 + 02 


0. 


03 + 01 


212 + 007 

yj * ^ _i_ \j .yjyj I 


1 26 + 08 


1 85269 


GOIV 


Ri 52 + 100 

LlXtJ^ _1_ X(JL/ 


0.49 


30 


G 1 5 -L 06 


0. 


,13 ± 0.01 


•i5Q + 01 2 


1 04 + 08 

X.i7^ _1_ \J'\J\D 


186427 


G2V 


5636 + 50 


1.10 


129 


8 86 + 04 


0. 


02 + 01 


513 + 009 


1 17 + 02 

x>x 1 _i_ yjt\jij 


187085 


GOV 


6040 + 50 


0.51 


16 


3 48 + 04 


0. 


04 + 02 


280 + 005 


1 33 + 05 

x.otj _i_ yj *yj\j 


187123 


G5V 


CRQK -1- 50 


1.62 


17 


2 29 + 01 


0. 


1 9 + 02 


246 + 004 


1 28 + 04 

x.^o _i_ yj.yj'-x 


189733 


G5V 


5585 ± 50 


2.45 


16 


4.36 ± 0.10 


0. 


,74 ± 0.02 


0.367 ± 0.008 


0.77 ± 0.02 


190228 


G5IV 


5598 ± 80 


1.60 


21 


4.51 ± 0.03 


0, 


,29 ±0.01 


0.371 ± 0.011 


2.46 ± 0.12 


190360 


G5V 


5585 ± 50 


0.52 


81 


16.38 ± 0.37 


0, 


,19 ±0.02 


0.711 ±0.015 


1.21 ±0.03 


190647 


G5IV 


5598 ± 80 


0.68 


22 


2.14 + 0.03 


0, 


,00 ±0.02 


0.256 ±0.007 


1.58 ±0.09 


192263 


K2V 


4887 ± 50 


1.18 


30 


2.57 ±0.02 


0, 


,02 ±0.01 


0.368 ±0.008 


0.76 ±0.02 


192699 


G5IV 


5598 ± 80 


0.21 


21 


11.42 + 0.38 


0, 


,47 ±0.02 


0.591 ±0.020 


4.17 ±0.21 


195019 


G2V 


5636 ± 50 


0.44 


40 


5.09 ±0.02 


0, 


,05 ±0.01 


0.389 ± 0.007 


1.61 ±0.07 


196050 


G2IV 


5689 ± 85 


1.03 


34 


2.61 ±0.03 


0, 


,00 ±0.01 


0.273 ± 0.008 


1.47 ±0.07 


196885 


F8IV 


6562 ± 150 


1.32 


43 


9.29 ±0.10 


0, 


,31 ±0.01 


0.388 ±0.018 


1.40 ±0.07 
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rlJJ 


Template 


Template 


v2 
Xiv 


JVpHOT 


^BOL 






Ay 




PEST 






.Kest 




Number 




Tbff (K) 






(10 ° cm ^ s 


-1 ^ 

) 




(mag) 




(mas) 






[Rq) 




2n220(S 


G5V 


KKOK _i_ ten 

tJiJOiJ _1_ <JKj 


1.23 


30 


1.66 ± 0. 


.01 


0. 


nq + n 01 


0. 


226 ± 0. 


,004 


X 


,10 ± 0. 


,05 


208487 


G2V 


5807 + 50 


0.74 


22 


2.63 it 


.02 


0, 


00 + 02 


0, 


,244 ± 0, 


,004 


1 


,20 ± 0, 


,04 




GOV 


ULIrlL/ _1_ 'JKj 


0.14 


24 


2.37 it 


.03 


0. 


nq -L n no 

■ \JkJ _i_ \J . WiJ 


0. 


,231 ± 


.004 


\ 


,23 ± 


,05 


210277 


GOV 


5807 + 50 


2.33 


36 


9.55 it 


.15 


0, 


55 + 01 


0. 


,502 ± 


,010 


1 


,16 ± 


,03 


21 (1702 


KlIII 


rtOiJiJ _1_ -Li_>W 


1.12 


63 


14.27 it 


43 


0. 


ni -L n nq 

■ \J ±. _1_ \J . \Ji) 


0. 


,879 ± 


,049 


5 


,20 ± 


,31 


21 2'^ni 


F8V 


fi280 + 70 


0.15 


24 


2.29 it 


.02 


0. 


.15 it 0.01 


0. 


,210 ± 


,005 


\ 


,24 ± 


,05 


21 S24n 


F8IV 


Ki + 1 no 


1.03 


38 


5.33 it 


.04 


0. 


.11 it 0.01 


0. 


,334 ± 


Oil 


\ 


,46 ± 


,06 


21 fi4S^ 


GOIV 


KOOQ + QO 


0.38 


61 


9.90 it 


.11 


0. 


nn + n 01 


0. 


,490 ± 


,015 


\ 


,72 ± 


,06 


216437 


GOIV 


5929 + 90 


0.93 


74 


10 52 + 


.19 


0, 


10 + 02 


0, 


,506 ± 


.016 


1 


,46 ± 


,05 


216770 


G8V 


5333 ± 50 


2.18 


32 


1.69 it 0, 


.01 


0, 


,10 it 0.01 


0, 


,250 ±0, 


.005 


0, 


,96 ±0, 


,03 


217014 


G2V 


5636 ± 50 


1.86 


214 


17.94 it 0, 


.18 


0, 


,04 it 0.01 


0, 


,731 ±0, 


,014 


1, 


,23 ±0, 


,02 


217107 


G8IV 


5598 ± 80 


0.43 


43 


9.32 it 0, 


.12 


0, 


,01 ±0.01 


0, 


,534 ±0, 


.016 


1, 


,14 ±0, 


,03 


219449 


KOIII 


4853 ± 130 


3.71 


90 


94.46 it 2, 


.90 


0, 


,45 it 0.02 


2, 


,260 ±0, 


.126 


11, 


,17±0, 


,64 


219828 


GOIV 


5929 ± 90 


2.47 


23 


1.70 it 0, 


.01 


0, 


,08 it 0.01 


0, 


,203 ±0, 


,006 


1, 


,58 ±0, 


,10 


221287 


F6V 


6280 ± 70 


0.04 


27 


2.07 it 0, 


.02 


0, 


,07 it 0.01 


0, 


,200 ±0, 


,005 


1, 


,19 ±0, 


,05 


222582 


G5V 


5636 ± 50 


0.17 


30 


2.62 it 0, 


.03 


0, 


,18 it 0.01 


0, 


,263 ±0, 


.005 


1, 


,18 ±0, 


,04 


224693 


GOIV 


5929 ± 90 


1.42 


23 


1.31 it 0, 


.01 


0, 


,01 ±0.01 


0, 


,178 ±0, 


,006 


1, 


,89 ±0, 


,18 


231701 


F5IV 


6562 ± 150 


0.37 


15 


0.86 it 0, 


.01 


0, 


,31 ±0.02 


0, 


,118 ±0, 


,005 


1, 


,50 ±0, 


,20 



Note. — 



A^PHOT is the number of photometric data points available in the literature used for the spectral template fitting described in ^ 



